During an annual cycle (2002 -2003), spatio-temporal differences and/or similarities in phytoplankton communities and their relationship with physical and chemical characteristics were determined in two coastal lagoons on the Mexican South Pacific coast: Chantuto-Panzacola (CHP) and Carretas-Pereyra (CP), Chiapas. Phytoplankton assemblages, characteristic of the two main seasons (dry and wet), were identified using principal component analysis (PCA), while canonical correspondence analysis (CCA) was used to examine environmental variables that may explain the patterns of variation of the phytoplankton community. The results show that both systems have similar characteristics because they have the same physical forcing (river discharge, seawater intrusion and, in general, weather). Spatial variability is especially important because it favors, during each season, the development of two different functional zones: a marine influence zone (MIZ) and a freshwater influence zone (FIZ). Phytoplankton distribution, composition and abundance were influenced by this environmental variation. Based on PCA results, during the dry season, assemblages in these lagoons are mainly comprised of neritic diatoms such as Coscinodiscus spp. and Skeletonema costatum distributed in the MIZ, whereas dinoflagellates of the genus Protoperidinium spp., and brackish diatoms such as Cyclotella sp., Entomoneis alata and Surirella spp., make up FIZ assemblages. CCA analysis indicates that salinity, temperature, dissolved oxygen and ammonium were the most relevant environmental factors affecting the variation in the distribution of these assemblages. On the other hand, during the rainy season, assemblages were correlated with silicate and orthophosphate concentrations, while their composition was dominated by freshwater groups mainly in the FIZ, whereas in the MIZ centric diatoms were dominant. In summary, in CHP and CP coastal lagoons, phytoplankton assemblages undergo changes in species composition and community structure during each season in response to environmental variation, which allows the development of associations specifically adapted to prevailing conditions.
I N T RO D U C T I O N
The relationships between the variation in phytoplankton species composition and changes in environmental variables, especially the availability of light and nutrients, are well established for temperate estuaries and coastal environments (MacIsaac and Dugdale, 1972; Kocum et al., 2002; Adolf et al., 2006; Lopes et al., 2007) . Recent evidence suggests that primary productivity as well as size, structure and composition of phytoplankton communities in tropical coastal lagoons change in response to hydrological variations between dry and rainy seasons and, on shorter time scales, due to wind-generated resuspension events (Alongi, 1998) . Several variables have been pointed out to explain this relationship: nutrients and salinity or light (Lassen et al., 2004) , tidal flushing (Su et al., 2004) , nutrient input resulting from rainfall (Chagas and Suzuki, 2005) and fluctuations in salinity and the reduced availability of nutrients (Melo et al., 2007) . In Mexico, several studies have established the seasonal variation of the phytoplankton community in coastal lagoons. Santoyo (Santoyo, 1994) found that the phytoplankton composition in coastal lagoons follows a general pattern related mainly to the species salinity tolerance (limneticeuhaline). Martínez-López et al. (Martínez-López et al., 2007) showed that there is a relationship between the blooming of phytoplankton and the input of nutrients in a coastal lagoon affected by agricultural runoff. Herrera-Silveira and Morales-Ojeda (Herrera-Silveira and Morales-Ojeda, 2009) found, for the coastal zone of the Yucatán peninsula, that phytoplankton metrics (abundance, species richness and diversity) were related to local water quality conditions, indicating their dependence on resource availability and the environmental matrix. In Sontecomapan lagoon, Aké-Castillo and Vázquez (Aké-Castillo and Vázquez, 2008 ) not only determined that the salinity and silicate were the most influencing variables on the seasonal characterization of the phytoplankton community, but also that the concentration of organic matter generated by the mangrove community has a strong influence, where dinoflagellates were associated with high concentrations of folin phenol active substances (FPAS), while diatoms were associated with medium and low concentrations. However, all these studies emphasize the need for long-term series of biological and physical -chemical studies, as well as physiological bioassays to better understand the relationship between the environment and the changes in phytoplankton composition.
Boyer (Boyer, 2006) and Boyer et al. (Boyer et al., 1997) using principal component analysis (PCA) followed by k-means clustering were able to classify Florida Bay and estuaries along the South Florida coast into spatially distributed stations with similar water quality characteristics [i.e. zones submitted to similar influences (ZSI)]. This approach, together with the study of phytoplankton communities, has resulted in the identification of exclusive planktonic communities (Souissi et al., 2000) .
In this study, we used PCA and clustering techniques to determine the spatio-temporal differences and similarities in phytoplankton assemblages in two coastal lagoons on the south coast of the Mexican Pacific [Chantuto-Panzacola (CHP) and Carretas-Pereyra (CP)], and their relationship with spatio-temporal variations of physical and chemical parameters that characterize each one of the lagoon systems.
S T U DY A R E A
The CHP lagoon-estuarine system is located on the southern Mexican Pacific coast, consisting of five bodies of water into which six rivers flow in (INE-SEMARNAP, 1999) , with a total area of 18 000 ha (Fig. 1) . The CP system consists of three main lagoons and has a total area of 3696 ha. Five rivers flow into this lagoon complex from north to south (Fig. 1) . Both systems have a mixed semidiurnal microtidal pattern (,2 m) and alternation of the tidal cycle occurs biweekly between spring and neap tides (CICESE, 2003) . The climate of the region is warm sub-humid (INE-SEMARNAP, 1999) . Historical records (1941 -2004 SEMARNAT-CNA, 2005) show that 70% of the annual average precipitation (1965 mm) occurs in the summer and early autumn, mainly associated with the northeast trade winds (Cardoso, 1979) . During the 2-year study period (2002 -2003) , rainfall was similar to historical average (1968 and 1970 mm, respectively) . Air temperature reaches two maxima during the year, corresponding to the sun's zenith in May and in August (Cardoso, 1979; Fig. 2) .
Previous studies (1997 and 1999 -2002) in both systems (Varona-Cordero and Gutiérrez, 2003; Varona-Cordero, 2004) have established that the months that clearly define each of the climatic seasons of the area are April for the dry season (November-April; ,10% annual precipitation) and October for the rainy season (May-October). During these 2 months, a high coefficient of variation was found in many physicochemical parameters (84% in CHP and 63% in CP) (Varona-Cordero and Gutiérrez, 2003; Varona-Cordero, 2004) . Furthermore, the same authors (Varona-Cordero and Gutiérrez, 2003; Varona-Cordero, 2004 ) used cluster analysis and identified zones of similar influence (ZSI) during both months, April and October, which were used to define the environments. The zones change in size and location throughout the year, reflecting the strong spatial heterogeneity of the lagoons as well as the strong effect of external factors on the 
M E T H O D Field and laboratory analysis
From 2002 (April, June, August and November) to 2003 (February and May), both systems were sampled at 10 stations in the CHP and 9 in the CP (Fig. 2) , covering the main bodies of the lagoons as well as the entrances of rivers and the inlets to the Pacific Ocean. Temperature, Secchi Disk depth, salinity, dissolved oxygen, total dissolved solids and turbidity were determined at a depth of 0.5 m (%1.5 m total depth) using a Horiba U-22 probe calibrated before sampling. The samples used for nutrient analysis were filtered through Whatman GF/F filters and frozen until the analyses were carried out (normally within 1 week), using the methods of Strickland and Parsons (Strickland and Parsons, 1972) . Primary productivity was evaluated by measuring changes in oxygen concentration using the light and dark bottle method (Gaarder and Gran, 1927) , following the methods described by Brower and Zar (Brower and Zar, 1981) . Bottles were incubated on board for 3 h in a 30 L transparent acrylic container covered with a mesh reducing light by .20% in order to avoid photo-inhibition of photosynthesis and simulate, as closely as possible, the natural conditions of the lagoon. Vertical light profiles were not measured, and therefore productivity values should only be considered indicative of potential maximum primary production. Importantly, although the average depth of the lagoon is shallow (,1.5 m), we cannot assume that productivity is consistent across the water column, since both systems normally have high turbidity. Uptake of carbon was determined in accordance with the relationship between the oxygen produced and the uptake of CO 2 by photosynthesis ( photosynthesis and respiration coefficients of 1.2 and 1.0, respectively) (Wetzel and Likens, 1991) , yielding values in units of mg C m 23 h
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. For the quantification of chlorophyll a (un-acidified), the technique proposed by SCOR-UNESCO (SCOR-UNESCO, 1980) was used. The extraction was performed in 90% acetone in the dark at 48C for 24 h and the quantification was done using a Beckman w Du-65 spectrophotometer.
For the qualitative analysis of phytoplankton, samples were obtained through horizontal surface trawling for 3 min using a 60 mm mesh net with a 30 cm mouth; samples were preserved with neutralized formaldehyde (2% Sodium Borate) to a final concentration of 4%. For the quantitative analysis, 1 L samples were obtained at mid depth with a horizontal Van Dorn bottle and fixed with a Lugol-acetate solution (Wetzel and Likens, 1991) . Separately, for diatoms, samples were cleaned and permanent diatom preparations were made using the synthetic resin mounting technique (Hycel brand, in 60% Xylene) (Simonsen, 1974) . Observations were made using a Zeiss Axioscop optical microscope. To determine the abundance of phytoplankton taxa, samples were manually inverted and then sedimented by centrifugation (1500 rpm, 5 min) and observed in a 10 mL chamber. Sedimented volume was variable, and it was adjusted depending on the number of organisms observed as well as the presence of detritus. Only those species that were found intact and in which we observed the presence of chloroplasts were identified and quantified. Heterotrophic dinoflagellates were included in the overall phytoplankton analysis (i.e. Protoperidinium spp.). Counting and identification was carried out using a Zeiss Axiovert-25 inverted microscope with phase contrast, using the techniques of Utermöhl (Utermöhl, 1958) and Hasle (Hasle, 1978) . A preliminary observation of the entire chamber (40Â) was conducted (census) and further observations were carried out following parallel transects along the diameter of the chamber. Phytoplankton was identified to the lowest possible taxon using appropriate keys. Identification was done considering the dominant groups of each season as per the literature (for diatoms and dinoflagellates: Peragallo, 1965; Round et al., 1990; Licea et al., 1995; Moreno et al., 1995; Tomas, 1997; Hernández-Becerril (2000) ; and for silicoflagellates: Hernández-Becerril and Bravo-Sierra (2001); for freshwater groups (chlorophytes, cyanophytes and euglenophytes) : Bourrelly, 1966 : Bourrelly, , 1968 : Bourrelly, , 1970 Ortega 1984 ]. An Olmstead-Tukey diagram was used to rank the dominance of phytoplankton species (Sokal and Rohlf, 1981) .
Statistical analysis
Cluster analysis was employed for the identification of the zones with similar influences (ZSI), with Euclidean distance as the distance measurement and the minimum variance or Ward's method as the construction algorithm (Pielou, 1984) . This analysis was based on a standardized data matrix, where each of the values was converted to Z (its value in a normalized normal distribution). Because this analysis is only possible if the data has the same unit or has no units (a dimensional), this transformation also reduces false differences resulting from the different ranges for each variable (McGarigal et al., 2000) . To define the true distance value between two clusters, we considered the whole range of group distances (where elements that join at a zero distance have a 100% similarity) and then we calculated the value which would correspond to 80% similarity. From these results, a discriminant analysis was performed to validate the detected clusters.
In order to determine assemblages of species and understand the effect that individual species have on seasonal grouping patterns of the phytoplankton structure, PCA was conducted on transformed abundance data (log x þ 1) using the dominant taxa of both the dry and the wet season, taken from the Olmstead-Tukey diagram for each system. To identify co-occurrence of species, the data matrix was inverted, using the individual samples as variables and the species as observations. A PCA was conducted on this matrix (inverse analysis), thus representing the species in a sample space. The Eigenvalues considered in these analyses were those .0.71 and,20.71 (Tabachnick and Fidell, 1989) .
In order to establish the phytoplankton -environment relationship, the data were condensed in two matrixes, one of species abundance per site and the other one of the environmental factors. A canonical correspondence analysis (CCA) was applied (Pielou, 1984) in such a way that the organizing diagram shows not only the species composition variation patterns but also the main relationships between species and each one of the environmental variables (Ter Braak, 1986) . All these statistical analyses were done using STATISTICA '99, NCSS '97 and MVSP 2000 for Windows.
R E S U LT S Environmental characteristics
Based on the results obtained, two zones can be identified in both lagoons ( Fig. 3 ): a marine influence zone (MIZ) characterized by euhaline salinities (median 35.68 psu), high dissolved oxygen (2.89 mL L
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) and low nutrients (except for silicates in CHP, Table I ) and N:P ratios, suggesting an environment with an apparent nitrogen limitation, and a freshwater influence zone (FIZ) characterized by salinities ,1 psu, a relatively greater depth (.1 m), low temperatures (,308C) and high phytoplankton biomass (30.41 and 35.18 mg L
Chl a in CHP and CP, respectively).
CHP and CP share similar meteorological regimes and basic lagoonal features, but have some unique characteristics in terms of the factors that control the distribution and abundance of dominant phytoplankton assemblages. During the dry season, the development of the MIZ is largely determined by the tidal exchange favored by the geomorphology of the systems. Both lagoons have similar MIZ characteristics.
During the rainy season, salinities decrease in the MIZ (,6 psu) as a consequence of the freshwater input, and temperatures increase (.308C) due to nearshore waters entering the system with the tide.
Also, the significant increases in nutrient concentrations (mainly nitrates, orthophosphates and silicates, Table I ), as well as the inverse relationship between their concentrations and salinity (r ¼20.36, r ¼20.49 and r ¼20.33, P , 0.05, respectively), reflect the influence of the river discharge into the lagoon. In early November, nutrient concentrations gradually diminish due to the decrease in residence time, from 26 to 2.31 days (Varona-Cordero, 2004) , which resulted in the transport of sediments and nutrients into the adjacent sea.
Phytoplankton composition and distribution
Throughout the study period, 72 taxa (36 genera) were observed in CHP and 71 (39 genera) in CP (Table II) . Over 60% of the taxa were diatoms; among the remaining taxa 10% were dinoflagellates, 3% were euglenophytes, 3% were cyanophytes, 12-16% were chlorophytes (10 genera), and 1% silicoflagellates.
Specifically, in CHP, during the dry season, 25 species of the 47 taxa recorded were classified as dominant, i.e. showing densities higher than 4.6 Â 10 3 cell L 21 and a frequency of appearance of over 40% (Fig. 5A ). The majority of the dominant taxa were diatoms, with smaller numbers of dinoflagellates and a silicoflagellates. The most abundant taxa (densities
) were Entomoneis alata, Protoperidinium conicum and Surirella fastuosa, while Gyrosigma spp. Nitzschia sp. 2 and Pinnularia spp. were the most frequent (.80%). Diatoms were the dominant group in the MIZ (Fig. 4A) , while Coscinodiscus radiatus, Gyrosigma sp. and Lyrella sp. were the most abundant (density .2.23 Â 10 3 cell L
21
). Dinoflagellates had an increased presence in the FIZ, as seven species were observed in this zone. During the wet season, out of 39 taxa recorded, 12 were dominant, i.e. densities .1.69 Â 10 3 cell L 21 and frequencies . 32%, including Closterium spp., Euglena spp., Anabaena spp. and Phacus spp. (Fig. 5C) , and the diatoms Cyclotella sp. and Coscinodiscus radiatus. All five phytoplankton groups showed high variability in the MIZ in this lagoon (densities .1.12 Â 10 3 cell L 21 ) (Fig. 4C) , which was dominated mainly by freshwater groups, such as chlorophytes Closterium spp. and Eudorina sp., and the euglenophytes Euglena sp. and Phacus sp., while in the FIZ the diatom Cyclotella sp. and the chlorophyte Closterium sp. 1 were the dominant taxa.
Separately, in CP, out of the 49 taxa identified, only 16 species were dominant (i.e. .3.23 Â 10 3 cell L 21
and .35% frequency), 3 were classified as constant, 8 as occasional and 22 as rare (Fig. 5B) . Protoperidinium conicum was the most abundant species (2.83 Â 10 4 cell L 21 ), followed by Navicula directa and Coscinodiscus radiatus, which also stands out as the most frequent, as well as 
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Osc sp. the dinoflagellates Protoperidinium sp. 1 and Scrippsiella trochoidea. During the dry season, the MIZ was dominated by diatoms, while dinoflagellates were dominant in the FIZ (Fig. 4B) . However, each one of these zones showed a particular number of species. For example, Calyptrella robusta, Entomoneis alata and a centric diatom of the family Thalassiosiraceae were only observed in the MIZ, while the diatoms Navicula directa, Coscinodiscus sp. Surirella spp. and the silicoflagellate Dictyocha fibula were only observed in the FIZ. Only diatoms showed greater variability in the MIZ (Fig. 4D ) while in the FIZ, cyanophytes, euglenophytes and chlorophytes were the most abundant (densities .1 Â 10 3 cell L
). Of these, the cyanobacterium Oscillatoria sp. and the chlorophyte Pandorina sp. were the most constant (100%). During the wet season, out of the 35 taxa observed, 13 were dominant (Fig. 5D) , including the centric diatoms, the Volvocales Eudorina sp. and Pandorina sp., the silicoflagellate Dictyocha fibula and the diatoms Ditylum brightwelli and Fragillaria sp.
In general, during October (rainy season), there was a sequence of groups in both systems (Table II) , with the introduction of groups more closely related to freshwater such as chlorophytes, which accounted for 23% of the total composition, as well as euglenophytes (13%) and cyanophytes (10%). Diatoms remained the dominant group (54%).
Assemblage structure
Seasonal components of assemblage structure were defined with PCA with the first two principal components of the matrix. For CHP, Factor 1 explained 41.5% of the variation, while Factor 2 explained 20.6%. In CP, Factor 1 explained 51.7% of the variation and Factor 2 explained 19.6% (Table III) . The first two components in the CHP and CP systems show a clear seasonal pattern, separating on component 1 the rainy season (negative quadrant) and dry season ( positive quadrant) ( Fig. 6A and B) . High values indicate seasons influenced by the adjacent sea (MIZ both systems), in contrast with the stations located in the internal zones that present negative values in component 2.
In CHP, the species that were found to be strongly correlated with component 1 (Fig. 6A) in the dry season were the diatoms Nitzchia sp. 2, Surirella sp. 1, Navicula sp., Gyrosigma sp., Pinnularia sp., Amphora macilenta and the dinoflagellate Protoperidinium conicum, and, with component 2, Navicula directa, Amphiprora sp., Leptocylindrus danicus and Coscinodiscus granii. In the third component, we find the silicoflagellate Dictyocha fibula, Coscinodiscus spp. and the dinoflagellate Scripsiella trochoidea.
The species Closterium sp. 1, Anabaena sp., Euglena sp., Phacus sp. and Closterium sp. 2 define the rainy season in CHP, as they are strongly correlated with component 1 (Fig. 6A) .
The CP system showed a pattern similar to CHP regarding the assemblages of species defined by component 1, clearly separating each season (Fig. 6B) .
In the dry season, species that were strongly correlated with this were Coscinodiscus radiatus and the dinoflagellates Protoperidinium sp. 1, Scripsiella trochoidea and Protoperidinium conicum (Fig. 6B) , while, in the second, there was a higher number (11 taxa) mainly of diatoms, especially Nitzchia sp. 1, Skeletonema cf. costatum, Caloneis permagma and the silicoflagellate Dictyocha fibula.
In the rainy season, assemblages (Fig. 6B) were represented by the centric diatom, as well as the euglenophytes Euglena sp., Phacus sp. and the chlorophytes Closterium sp. 1, Eudorina sp. and Pandorina sp.
Relationship between species composition and environmental variables CCA done for each season and both systems helped to explain the relationship between the species assemblages and selected environmental parameters. The phytoplankton species included in the analysis were those obtained from PCA, while all environmental variables were employed to find those that best explained the organization (Table III) .
The response of the species to environmental variables was primarily explained by the first three axes 59% in the case of CHP and 68% in the case of CP (Table IV) . The correlation between species and environmental variables was high (r ¼ 1 on each axis), indicating a significant relationship between taxa characteristic of each season and the environmental variables used in the analysis.
CCA results indicate that salinity, temperature, silicates, orthophosphates, as well as ammonium and nitrite are the variables that best explain the variation of phytoplankton assemblages in both systems.
The main variation in species composition can be summarized on the first two axes of the CCA. The first axis is strongly correlated with salinity, temperature and the concentration of silicates, which represent the largest change in the abiotic environment during each season in both systems. Along these axes, we clearly see two sets of species, one containing species of marine and brackish origin and the other one of freshwater species (Fig. 7) . The second axis relates specifically to orthophosphates, ammonium and nitrites and nitrates. Both in CHP and CP, on the negative side of the first axis (Fig. 7) , we see a separation of species with seawater affinity such as Skeletonema costatum, Coscinodiscus concinnus, Leptocylindrus danicus, Planktoniella sol, Nitzschia sp. 2 and Cerataulina pelagica, as well as the silicoflagellate Dictyocha fibula and dinoflagellates Ceratium furca, Dynophysis caudata and Prorocentrum gracile, while diatoms such as Surirella fastuosa, S. gemma, Entomoneis alata and Cyclotella sp. are observed on the positive side of the second axis, characterizing the brackish component of the systems.
Throughout the positive side of the first axis in the CCA biplot, freshwater species such as the cyanophytes Oscillatoria sp. and Anabaena sp. were dominant, and chlorophytes Closterium sp.1 and Eudorina sp., and euglenophytes Phacus sp., Euglena sp. and Trachelomonas sp. show a negative correlation with salinity (Fig. 7) , in addition to 
D I S C U S S I O N
The composition of phytoplankton during each season was dominated by different groups of species, which most likely adapt to changes in resources and the physical environment (Fogg, 1991) . In both systems, comparison of various phytoplankton assemblages indicates similarity in composition and seasonal development of the phytoplankton in the established zones (MIZ and FIZ), since they have similar physico-chemical characteristics, being subject to the same environmental forcing.
Phytoplankton assemblage structure was established and related to functional zones outlined in the systems, which are the result of environmental variables that determined their composition, and it shows a pattern of seasonal succession in both CHP and CP (VaronaCordero and Gutiérrez, 2003; Varona-Cordero, 2004) .
According to Chan and Hamilton (Chan and Hamilton, 2001) , during each season, dominance of specific groups is favored in two ways: directly by their growth rates (divisions per day), and indirectly through interaction with physico-chemical factors, mainly salinity.
During the dry season, phytoplankton assemblages mainly composed by neritic species, such as Coscinodiscus spp., Ditylum brightwelli, Skeletonema costatum and the silicoflagellate Dictyocha fibula (Fig. 6) , were determined by the stronger tidal intrusion, due to decrease in river discharge (3.78 m 3 s 21 , Varona-Cordero, 2004) , which is reflected in a high salinity (median 30 psu). Additionally, when the cycle of advection, settlement and resuspension of particles suspended during the various phases of the tidal period is completed, the retention of passive particles is facilitated, including tychoplanktonic diatoms and dinoflagellates (Cloern et al, 1983; Orive, 2000, 2001) , which are the main groups dominating phytoplankton assemblage structure in CHP and CP.
In the MIZ, as a result of increased tidal exchange, the water masses entering with the tide provide the systems with a large number of neritic species such as Coscinodiscus spp., Ditylum brightwelli and Skeletonema costatum, as well as the silicoflagellate Dictyocha fibula, which, according to the CCA, showed a strong correlation with salinity (Fig. 7) . In addition, a large part of the community consisted of pennate tychoplanktonic diatoms (Fig. 7, Table II ), which can be resuspended by turbulent mixing caused by wind and tide (Lucas et al., 2001; Shanks and McCulloch, 2003) .
The composition of species recorded in this zone reveals that its great variability (which is accentuated by the morphology of the systems) prevents the development of autochthonous species. Therefore, in these cases, phytoplankton grow at very high rates as a physiological response (Smayda, 1997a, b) to counteract the amount of biomass lost through the water exchange in each tidal cycle (Ketchum, 1954) . For instance, Furnas (Furnas, 1990) found that Ditylum brightwelli has cell multiplication rates of 2.1 divisions per day, while Skeletonema costatum varies from 2 to 5.9 divisions per day.
Moreover, in the FIZ, assemblages were characterized by dinoflagellates, mainly of the genus Protoperidinium. However, despite the low abundance of diatoms in this zone (Fig. 4) , brackish species such as Cyclotella sp., Entomoneis alata and Surirella spp. were also abundant (Fig. 7) . This is a result of passive transport processes (de Castro et al., 2000) that distribute populations to the interior of the systems, as well as the ability of these species to adapt to lower salinities.
In general, laboratory experiments and in situ measurements show that diatoms have a wide range in their maximum growth rates, from 0.4 to 5.9 divisions per day
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, while dinoflagellates have a smaller range, of just 0.1-2.7 divisions per day 21 (Furnas, 1990) . Therefore, long residence times corresponding to the dry season in CHP and CP, the effect of which is stronger in the FIZ, appear to be suitable for increase in phytoplankton standing crops (specifically dinoflagellates and brackish diatoms). Similarly, Chan and Hamilton (Chan and Hamilton, 2001) found that the highest concentrations of dinoflagellates were associated with long residence times (months) in the Suwanee River estuary.
Lauria et al. (Lauria et al., 1999) established that the high stability in the water column reached during periods of intense calm in the Southampton estuary allows for the aggregation of dinoflagellates (mainly of genera Protoperidinium and Prorocentrum), which are distributed more evenly when turbulence is higher.
In contrast, the highest concentration of diatoms in the MIZ corresponds to periods of high turbulent kinetic energy, which favors incorporation of cells into the water column and prevents sinking (Cloern et al., 1983) , despite the fact that vertical mixing can reduce photosynthetic activity due to the reduction of time in the photic zone (Alongi, 1998) , stimulating phytoplankton productivity by reducing photoinhibition and diminishing the effects of light limitation by increased turbidity (Mallin and Pearl, 1992) .
In the rainy season, when river discharge is high (144 m 3 s 21 maximum, Varona-Cordero, 2004) , salinity is reduced to nearly zero (mainly in the FIZ) and this results in freshwater species dominating phytoplankton assemblage (Fig. 6 ). In addition, strong winds in the rainy season increase export of nutrients, suspended particles and phytoplankton populations to the adjacent sea, decreasing biomass accumulation and potential standing crop (Eyre, 1998) .
In the rainy season, the FIZ is dominated by freshwater species such as, Closterium sp., Eudorina sp., Pandorina sp., Euglena spp. and Phacus sp., which, according to CCA, are positively correlated with nutrient concentrations (mainly ammonium, orthophosphates and silicates; Fig. 7) . It is probable that these groups are introduced into the systems by the adjacent rivers. High discharge rates into the systems result in short water residence times (2.31 days, Varona-Cordero, 2004) , thereby restricting biomass levels, since doubling rates of these groups are in the order of 1.3-5.2 day 21 (Furnas, 1990 ). Muylaert and Sabbe (Muylaert and Sabbe, 1999) observed that the developments of large autochthonous phytoplankton populations are normally associated with long residence times.
In addition, under these conditions, a small portion of the salinity gradient remains in the MIZ, and acts as a convergence zone trapping and accumulating phytoplankton populations such as Coscinodiscus radiatus, Cyclotella sp., the unidentified centric diatoms and freshwater species.
Cloern et al. (Cloern et al., 1983 ) developed a conceptual model combining circulation patterns with kinetic growth models to explain the annual development of phytoplankton blooms in San Francisco Bay. In this model, changes in species composition were associated with river discharge, and an inverse biomass relationship was found between the two factors, similar to that described in this study. Moreover, they found that, during dry seasons, the concentration of neritic diatoms (including Skeletonema costatum) increased, while microflagellates and freshwater diatoms (such as Cyclotella sp.) dominate during periods of high discharge.
Additionally, enhanced discharge may indirectly affect species composition and biomass through turbulence, which is a biophysical parameter that operates primarily at the cellular level, affecting the ability of cells to grow as well as the survival of populations (Smayda, 1997b) . In this regard, Sherman et al. (Sherman et al., 1998) found that turbulence provides an advantage to diatoms through resuspension of cells, allowing the group to dominate in environments with high mixing, as observed in the MIZ. Also, species such as Coscinodiscus spp. may occasionally migrate vertically by flotation (Granata, 1991; Huisman and Sommeijer, 2002) . The dominance of groups such as chlorophytes and cyanophytes in the FIZ during the rainy season, where the influence of discharge is direct, provides evidence that supports the suggestion by Tomas and Gibson (Tomas and Gibson, 1990 ) that, evolutionarily, these groups have come to have greater tolerance to turbulence than do diatoms.
Our study identifies, for both systems, the relationship between phytoplankton assemblage variation and spatio-temporal variation of environmental variables (salinity, temperature, silicates, orthophosphates, ammonium and nitrites). However, these relationships should be considered indicative of which variables can more significantly affect community composition, without implying direct causality (Lassen et al., 2004) . Furthermore, they allow for the suggestion, as in other regions (Souissi et al., 2000) , that monitoring studies benefit from the application of PCA and CCA analyses to complex data sets, in order to reveal environmental relationships.
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